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ABSTRACT 



Ad energy management system comprising a method and an 
apparatus for controlling thermal runaway in a telecommu- 
nications switching station backup battery recharging sys- 
tem receiving current from a power supply and delivering 
current through a rectifier to a battery and a load, the system 
having a low voltage disconnect switch capable of inter- 
rupting current to the battery. A current shunt is provided for 
generating a first signal having a first value representative of 
the current flowing through the rectifier. A current shunt is 
provided for generating a second signal having a second 
value ieprcsentative of the current flowing through the load. 
A inicrcprocessor is provided for calculating a third value, 
the third value being equal to the second value subtracted 
from the first value. A imcroprocessor is also provided for 
generating a third signal indicative of thermal runaway when 
the third value exceeds a predetennined value. A switch for 
interrupting current to the battery when the third signal 
exceeds the predetermined value may also be provided. 

20 Cbims, 17 Drawing Sheets 
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METHOD AND APPARATUS FOR kwhjxcosrfcwhrx24(^^ coster 

CONTROLLING THERMAL RUNAWAY IN A _ _ . _ . . 

BATTERY BACKUP SYSTEM Ever * CTer ^ P™*aage paint change 

would result in an ongoing $175.00 per year energy cost 

CROSS-REFERENCE TO RELATED 3 savings. Of course, as tdecommunicatioiis demand increase, 

APPLICATION there wQl be a subsequent increase in telephone power plant 

This is a continuation-in-part of my application Sec No. sizes and numbers. Use of an energy management system 

08/153,753, filed Nov. 17, 1993, now abandoned. ™& g*°wm of power plants can yield large energy cost 

savings. 

REFERENCE TO MATERIAL SUBJECT TO iQ Energy control systems are already in existence, but are 

COPYRIGHT PROTECTION usually pan of a very complex and expensive circuit design. 

A portion of the disclosure of this patent document Such existing circuits are primarily used for remote momV 

contains mfttprfal which is subject to copyright protection* toxing and diagnostics of telephone power systems, and 

The copyright owner has no objection to the facsimile usually do not provide thermal runaway control, 

reproduction by anyone of the patent disclosure, as it 15 Thermal runaway is a detrimental and often dangerous 

appears in the Patent and Trademark Office patent files or condition that can occur in certain types of newly developed 

records, but otherwise reserves all copyrights whatsoever. sealed, valve-regulated lead acid batteries that are used for 

_ backup power in telecommunications systems. This condi- 

BACKGROUND OF THB INVENTION tion cToccur when tnearnbientternperUe is at 110° F. or 

1. Field of me Invention ^ higher and/or excessive recharge current is used. In either 
This application relates to devices and methods for case, a degradation in open circuit cell voltage is caused by 

recharging backup power supplies used in telecommiinica- high internal temperatures created as a result of either high 

ttons systems, and more particularly to such devices and ambient temperatures or increased I^R heat from excessive 

methods with thermal runaway cootroL recharge current In addition, a decrease in open circuit cell 

2. Description of the Prior Art 25 v °l ta g c results in a larger than normal difference of potential 
Electrical energy cost for me operation of sophisticated between open circuit cell voltage and float voltage. This 

telecomrminications systems has increased disproportion- abnormally large potential difference produces more than 

ately to the other plant operation costs. The energy cost normal float current, which, in turn, produces excessive 

increase includes significant contributions other than merely hydrogen gas, which has proven to be explosive when mixed 

the increases in power companies rates. Part of the reason is 30 witl ? concentrations of 3% or more by volume. In 

a change in the power consumption characteristics of newer addition, me excessive float current also produces increased 

telecoirmiunication equipment. TR heat which further degrades open circuit voltage which 

Power consumption for older telecormrmnications pro- ™ L ^ Sn0WbaIlmg 

cessing equipment, for the most part, followed telephone re ^J™ tt tn£nna l runaway. . 

trafficdemand. High volumes of telephone traffic resulted in 35 Excessive recharge curre^Mch m^r«ntt in thermal 

high volumes of^ower consumption^ mis type of energy runaway^ normally considered to be current m excess of 

demand resulted in small rubers of telephone power ° n = l 11 ^ rf ^ ^ere-hoiir rating of the kad acid 

generating units connected during tow demand timeVand °* to engmccrmg practices for sizingbattenes and 

large numbers of telephone power generating units con- r^<« .based on projected busy hour loads and future 

necW dating highdc^ tirr^ PowTcontrol was 40 a ls ^ tc f < ? )mmon to ^ c * ce ^ c ""J"* 5 

accorrnolis^wiTelaborate drcuitey, and resulted in older ^^Jff ^ tt *?* K ^ pcwtt P^- 0 ^. 

telephone power plants being very energy efficient J* flooded lead aad tattenesare very forgiving. Such 

^C\. *Z . . c batteries have more liquid electrolyte than do sealed batter- 

On the other hand, power «msumption for newer sophis- ^ j2r ^ c^d^o* of the cell by the 

heated telecoiimiumcations processing «nnpmcnt is static, electtol ^ me batteries to be quite tolerant of 

ix., relatively constant .Respective of telephone traffic 45 e ^ v ^3;^ 

oemand. Thus, the associated telephone power generating dectrolyteinme ncw yarve-regulated batteries is suspended 

umts are all connected and share the telephone power iafiber^aiid dees not aUow^ 

coiisurnphond^ umts are ^ ^M^d ^^gy batteries, 

now, for the most part, state of the art, controlled QrtlWh mlMft>m , B e : ciIcllimc ^ aHmnmt trx 

ferroresonant, SCR (siHcon controlled rectifier) and Switch » J™g nianagement systems exist that attend to 

„ . ^T* v ~^ \_ ~c 7. control thermal runaway by monitoring temperature and 

Mode rectifier* ^When these typ*s of rectifiers are used ma _ ^ control 

^fj^i^K^ *<F* C ZT*f* Smd cS torn! £ by reducing rectifier ou ^voltage 

without proporuonal load shanng and/or control, as js done ^ ^ lcd to ^HcauU 

in ^F^sent telephone power plants, energy ineffiaen- ^ ^ enfirgy ££^^4^ ^ 

ac t r ■ . , . , _ It would thus be desirable to have a simple, inexpensive 

Experience has shown that electrical power consumption en manflgffmP , nr system for tdecommunications equip- 

in the teleconmmmcations industry is not only large, but is meQt ^ p^des local eM8y jnanagein ent along with 

increasing. Thus, seemingly small positive efficiency thennal runaway control 
changes have the potential to yield large energy cost savings. 

For example, a 48 volt, 500 ampere telephone power plant 60 SUMMARY OF THE INVENTION 
consumes approximately 25,000 watts of electrical energy: 

In accordance with the invention, a simple, inexpensive 

volt^ a n^cffictoy)> ? x^ foctorrwatts input energy management circuit is provided to decrease energy 

This amount equates to 25 kwhr (watts/1000=kwhr) every . consumption of telephone power conversion equipment and 

hour, every day, and every year. At a typical cost of eight 65 control thermal runaway. The primary targeted equipment is 

cents per kwhr, this equates to an energy cost of $17,520.00 rectifiers, although other power conversion equipment, such 

per yean as converters, may also benefit It is envisioned that a 
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proposed energy management system in accordance with FIGS. 4(a)-( c ) are parts of a flow chart showing (he 
this invention may be provided in a unit about the size of a operating mode of the microcontroller in accordance with 
cigar box. the invention. 

A first aspect of the present invention is an apparatus for fig. 5 is a simplified schematic of an embodiment of the 
• controlling thermal runaway in a telecommunications 3 inventive circuit in conjunction with a controlled f erroxeso- 

!' switching station backup battery recharging system receiv- nBflt rectifier 
ing current from a power supply and dettvering current FIG. 6 is a simplified schematic of a circuit used to control 
through a rectifier to a battery and a load, the system having merrna i nmawaw! 

a low voltage disconnect switch capable of interrupting . ._' - . „ . _ - , . 

cutrcntto^battoy.Am^ispr^forgaicralinga 10 HG. 7 is ^Mcd flow ctert of a program and method 

first signal having a first value representative of Otz current used to control thermal runaway. 

flowing through the rectifier. A means is provided for DEIAILED DESCRIPTION" qf THE 

generating a second signal having a second value rcpresen- ILLUSTRATIVE EMBODIMENTS OF THE 

tatxve of the current flowing through the load. A means is INVENTION 

provided fox calculating a third value, the third value being 15 

equal to the second value subtracted from the first value, A A typical telephone power plant is shown in FIGS, 
means is also provided far generating a third signal indica- 1(^H^0- As shown in FIG. 1(a), a number of high^urrent, 
tive of thermal runaway when the third value exceeds a Mg^wattage rectifiers 10 having separate AC inputs 12 are 
predetermined value for a predetermined period. connected in parallel to provide power from the AC lines 14 

Another aspect of the present invention is a method for 20 to the central office lead 16 untei^ 
controlling thermal runaway in a telecommunications provide standby power, a number of strings 18 of lead-acid 
switching station backup battery recharging system receiv- batteries 20 are provided in parallel with the rectifiers 10, the 
ing current from a power supply and delwering current load 16 ' md themselves. The number of strings 18 are 
through a rectifier to a battery and a load, the system having de P endent on te size of load 16, the size of the batteries 
a low voltage disconnect switch capable of interrupting 25 20 in an^ere-hours, meir voltage and the hours of reserve 
current to the battery. A first signal having a first value time required. Because of the high currents required m fee 
representative of the current flowing through the rectifier is power plant, interconnections between fee rectifiers 10 and 
generated. A second signal having a second value represen- ™ load 16 lar %^ high-current rails 22, 23 to prevent 
tative of the current flowing through the load is generated. "J*«. to^ceheat generation. Shunts 99 and 
Amirdvahie is calculated, the third value being equal to the 30 99 md tenmnals 98 and 98 are present to provide manual 
second value subtracted from fee first value. A third signal monitoring capability so that personnel can monitor central 
indicative of thennal runaway when fee third value exceeds <f 06 *<* d ™* requirements. Typically, only one of 
a predetennined value for a predetermined period is also £™* 99 » ar^feen- respective tarninal parr 98 and 
generated. 316 P^ 800 * m any installation. 

Yet another aspect of the present invention is a series of 35 The battery strings 18 are electrically connected to fee 
operational steps to be performed on a computer used to rectifier outputs 24, 26 at all times and, when fully charged, 
control an apparatus for controlling thermal runaway in a draw at least a so-called "trickle" current from fee rectifiers 
telecommunications switching station backup battery 10 that is limited solely by the internal resistance of the 
recharging system receiving current from a power supply batteries 20. Id normal operation, the batteries 20 draw 
and delivering current through a rectifier to at a battery and 40 current from the rectifiers 10, rather than supply current to 
a load, the system having a low voltage disconnect switch the load 16, because the output voltage of fee battery strings 
capable of interrupting current to the battery. A first signal 18 > wnen folly charged, is slightly less man that of fee 
having a first value representative of fee current flowing rectifiers 10, when AC power is applied. Other types of 
through the rectifier is received by the computer. A second charging circuitry in series wife the battery strings 18 are 
signal having a second value representative of fee current 45 impractical because of fee high currents and voltages 
flowing through the load is received by the computer. The involved. Even a diode placed in series with the strings 18 
second value is subtracted from the first value, thereby of batteries 20 would waste considerable energy and gen- 
creating a difference value. The difference value is ccinpared erate considerable heat. Also, the batteries 20 must be 1 
to a preselected fourth value, fee fourth value indicating fee available to supply power instantly in the event of failure of / 
minimum difference value corresponding to a thermal run- 50 the main AC input 14. Mechanical switches large enough to s 
away condition. A signal that indicates thermal runaway is control the high currents required do not operate rapidly I 
generated when the difference signal is at least equal to fee enough to be of use when connected in series with fee / 
fourth value for a predetermined period. battery strings 18. 

BRIEF DESCRIPTION OF THE FIGURES OF „ in^tX^^^^S^. wlTS 

thp nPAWTMrc 55 111016 ^ m FSG ' *™ Three-phase AC input 14 is 

incvK/wipiua provided on fee left, while the external components shown 

FIGS. l(d)~{d) are illustrations of a typical prior art in FIG. 1(a) are shown at fee right (Far convenience, these 

telephone power plant FIG. 1(a) shows schematically typi- external components are grouped into a box 28 in FIG. 1(b).) 

cal connections between the AC input, power rectifiers, the The outputs of the other rectifiers 10 shown in FIG. 1(a) (but 

central office load and strings of backup batteries. FIG. 1(b) & not FIG. 1(&)) are connected in parallel wife fee output 24, 

shows more detail of fee internal structure of a rectifier. FIG. 26 of the illustrated rectifier 10. Atypical rectifier 10 may be 

1(c) shows a typical rectifier control circuit FIG. l(o*) shows rated at 5,000 watts, having a 100 ampere output at 50 volts 

remote control of fee rectifier in FIG. 1(c). DC A telephone power plant may have as many as forty of 

FIG. 2 is a schematic diagram of an energy management these rectifiers connected in parallel, 

system in accordance with the invention. 65 The rectifiers 10 may be individually turned on and off as 

FIG. 3 shows an embodiment of the invention in block indicated in FIG. 1(c). When fee on/off power switch SI is 

diagram form. turned on, relay ST2 operates, closing a contact which 
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operates contactor STL Contacts of contactor ST2 conned enecs between signals so that any induced voltages from the 

the rectifier terrrrinals to LI, L2, and L3, which connect the high currents found inside the power plant are rejected, 

rectifier 10 to power supply 14. The current supplied by Next, the amplified signal on line 218 is sent to an 8-bit 

rectifier 10 may be measured by a voltmeter 30 or equivalent ADC, which, in the preferred embodiment, is located inside 

means detecting the voltage across high current shunt 32. 5 rrucroprocessar UL The analog signal is thus converted into 

FIG. 1(d) shows the operation of a remote control station a digital value and stored in an internal static RAM bank 212 

34 controlling rectifier 10. Applying ground 36 to lead TR (not shown in FIG. 2> ; 

from the power plant controller or the standby engine 2. Control Circuitry 

rectifier sequence control causes the relay (TR) K3 in the The control circuitry 208 preferably comprises a single- > . 

rectifier 10 to operate. When mis occurs, the contacts of 10 chip microcontroller Ul. The EMS is software driven and all r, 

relay (TR) K3 open, releasing the relay ST2, which in turn software routines and algorithms can be stored in ROM 210 j 

releases a contactor in relay CT1. Relay ST1 thus opens, (not shown in FIG. 2) within the single-chip microcontroller i 

removing AC power 14 from the rectifying ciicuitiy. UL Once the rnicrocontroller Ul has obtained the voltage ' 

The EMS circuit may be considered as comprising three values from the data acquisition section 206, it calculates the 

sections; data acquisition, control, and output An embodi- 15 actual current for each channel via a look-up table pre- 

mentof an EMS circuit 238 in ar^CHtiancewi^ invention programmed into a non-volatile memory 7 means 240 

is shown in FIG. 2. The data acquisition 206 and control during the calibration stage. The calibration stage is neces- 

circuits 208 are dectricaHy isolated from the rest of the sary so that initrocontroller Ul can add the available current 

circuit and are allowed to float to either side of the power from each of the active rectifiers monitored through inputs 

station's potential rail, to allow the EMF system to be used 20 301-321 to determine if there is enough current being 

with shunts in either rail Power for the EMS circuit is delivered to meet the then-present current requirements. A 

provided from the associated DC power plant through the preferred calibration procedure is as follows: 

use of a voltage step-down circuit that reduces the DC power (1) Remove all power from the EMS unit 238. (The 

plant voltage to a regulated 24 volts for convenience. The calibrate switch will be set with power removed, thus if the 

expected DC power plant voltage could range from 24-152 25 calibrate switch were to be acadentalrynDperated while the 

volts; using 24 volts assures that it will work with all such EMS 238 is in service, there win be no adverse effect The 

systems. This is accomplished through the use of power calibrate switch is ignored after about approximately 1 

transistor Q2 and zener diode D46. The regulated 24 volts is second after power is turned on (Le», after the start-up 

supplied to a switching power supply PS1 which provides a routine is completed) so mat accidental movement of the 

regulated 12 volts. This regulated 12 volts is supplied to 30 switch has no effect 

voltage regulator Q9 which provides a regulated 5 volts (2) Operate calibrate switch to ON. In the presentiy- 

wMch are the recommended supplies far the operation of described embodiment, the calibrate switch SW1C is part of 

many intrgratrH ftrraiite includin g thn<ft nstfri in a preftmA 4 position dip SWltch SW1). Microprocessor Ul, as part of 

embodiment described below. Other erribodiments using its start-up sequence in ROM 210, is programmed in this 

components requiring other voltages are, of course, possible, 35 embodiment to detect the position of SW1C, and to enter 

in which case the power supply would be modified in a operational or calibration mode depending upon its position, 

conventional manner to provide appropriate supply voltages. Setting SW1C on, in mis embodiment, causes microproces- 

L Data Acquisition Section sor Ul to enter calibration mode. 

The data acquisition section 206 comprises analog (3) Apply power, LEDs D43, D44» and D21-D40 located 

multiplexers, an instrumentation amplifier U18, and an 40 on the EMS unit remain on during calibration, 

analog-to-dimtal converter (ADC). Analog multiplexers U4, (4) Enter the maximum output amperage rating for each 

U5, U6, U7, U8, and U17 switch the analog voltages from rectifier 10 as measured at its associated EMS input channel 

the various analog inputs into a single analog channel 301-320. In this and other calibration steps, the entering of 

Shunts 32 (not shown in FIG. 2) associated with each a value is preferably accoirrplished by means of a conven- 

rectifier 10 (also not shown in FIG. 2) provide a voltage, 43 Mortal computer or display and entry terminal (not shown) 

which is electrically coupled across each input 301-321. connected to RS232 part 230. Mcrcconrroller Ul may thus 

Although 21 inputs are shown, those skilled in the art will be r^grammed in a conventional manner to prompt far and 

recognize that the number of inputs may be changed by accept inputs from port 230. 

adding or removing ccanponents in accordance with the (5) Enter the resistance of shunt 32 for each rectifier 10 for 

number of rectifies 10 to be controlled in the power plant so each channel 301-320. (Shunts are frequently rated in 

The input at 321 provides for measurement of the actual amperage required for a specified voltage drop. The program 

central office load, minus battery charging current This could alternately accept this information and apply Ohm's 

rneasurement is made possible by using an existing shunt 99 law or use a precalculated lookup table for standard values.) 

or 99* in corresponding rail 22 or 23 of the supply to the (6*) Enter shunt amp ratmgfOTr^werplamshnnt99or99 f 

telephone central office load 16, as shown in FIG. 1(a). 55 (only one would normally be used) to calibrate PWPLT 

Corresponding terminals 98 or 98' are then connected to channel 32L 

input 321 to provide present current requirements. Calibra- (7) Enter the permissible range of recharge current for 

tion input 350 is used to provide a known voltage for control of thermal runaway. In the preferred ernfxxhment, 

calibration purposes. this is entered as a recharge factor, as explained below. 

The control section 208 of the EMS, to be discussed in 60 (8) Remove power from the EMS unit 238, and operate 

more detail below, enables only one of analog channels the calibrate switch SW1C to off. 

301-321 at a time to appear on line 218. This voltageisfed (9) Apply power to EMS unit 238l Because of the setting 
through a low-pass filter 350 and into an instrumentation of switch SW1C to "off" in step (8), rnioocx>ntroller Ul will 
amplifier U18. Amplifier U18 multiplies the analog voltage enter operational mode. 

by 100 to convert what is typically a 0-50 mOHvolt signal 65 Once calibrated, look-up table in non-volatile memory 

into a 0-5 volt signal in the embodiment shown in FIG. X means 240 contains the actual current values proportional to 
Hie instrumentation amplifier TJ18 amplifies only differ- the 0-50 mflhvolts produced by each shunt 32. (Shunts 
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oatputting other voltage ranges could be accommodated by and break dry contacts 460, 461 via relay RE21 if the control 
ap pr opri ately modified caHhrarion procedures). In opera- circuit 208 should faiL An RS-232 port 500 is available via 
tional mode, rmcrocontroller Ul adds all the available chip U19 (NAX232). Port 500, in conjunction with on-board 
current from the active power rectifiers (not shown) and microcontroller Ul, will provide load and rectifier currents, 
detennines if there is enough power to meet the then present 5 11 will also provide battery float or charge currents which can 
power plant requirements. (The comparison is made once uscd to dctcniluie tf ^ batteries are threatened by 

per second, but could be made at a greater or lesser tha^ runaway. 

frequency, depending upon system needs, and can be made mG ' 3 ^^strates, m Wock diagram form, an embodiment 
remW proSamrnablL) If not, another available power of a control system in accordance with the invention. From 
plant rect&eris turned on after a 10 second delay by 10 one to twem^ rectuiers 10^ 

energizing the appropriate relay drcuit 401-420, which, as wires 202, to the powplant coEteol 

me ^^ucmdj uiwui ^V^' ; , circuit 236, which may comprise a number of control 
wffl be explained below, controls one of me power plant fWkms M - ±own m HG.l^The power plant control 
rectifiers (not shown in HO. 2\ (The purpose of the 10 ckcnii 235 receives its operating power and control signals 
second delay is to prevent oscillation.) If there is a surplus from an energy management system 238 in accordance with 
of current available, controller Ul calculates whether one 13 this invention. The energy management system receives data 
power rectifier can safety be turned off and stfll meet the from the data acquisition circuits 206 connected to the 
central office 16 current requirement, plus any programmed rectifiers 200 and through an external comrniinications port, 
battery string 20 charging current requirement If so, one such as RS-232 port 226, which may communicate with an 
unit is turned off after a one minute delay. It is preferable to external terminal or computer (now shown) via a modem 
turn one unit on or off at a time, to avoid large transients as 20 and telephone lines (also not shown). Of course, it will be 
a result of sudden current changes, which could either readily understood that any other suitable means of corn- 
damage equipment or set off nuisance alarms elsewhere in mmricating information to and from the control processor 
the telephone plant (Again, the delay is inserted to prevent 208 may be used, such as direct connection to an operator 
oscillation.) In addition to the above algorithm, the user can terminal. FIG. 3 shows an embodiment of the invention, ( 
program a maximum surplus current level mat is reserved 25 which, by way of illustration only, controls 20 rectifiers. One ' 
far charging the battery bank, the purpose of which is to skilled in the art will recognize, however, that the invention 
prevent the thermal runaway problem discussed above. Hie is not limited to this number of rectifiers, and that control of 
delay times are not critical, and can be made remotely a greater or lesser number may readily be provided, 
programmable, perhaps over pre-programmed default Microcontroller Ul, which contains built-in ROM 210 
values, to accommodate any special conditions in the power 30 (read only memory) containing the energy management 
plant program and built-in scratchpad RAM 212 (random access 

An important feature of the miooccjitroller Ul program memory), runs the energy management program shown by 
is that it can be programmed via a terminal or commiinica- the flow diagram in FIG. 4. (Look-up table 240 may be part 
tion link 500 to avoid thermal runaway problems after a of RAM 212.) Microcontroller Ul also provides output for 
power failure of the primary supply source (eg., commercial 35 serial data port 226, winch, in turn, provides input for the 
power mains). During a power failure, the back-up battery controller through a terminal, modem, or other device (not 
supply (not shown in FIG. 2) supplies power to the tele- shown) connected to the serial data port This input may 
communications plant for an indeterminate period of bine. include the maximum allowable battery charging current, 
Because power outages are unriredictable in both incidence which may then be stored in RAM 212, or alternately, this 
and duration, the usual practice has been to turn on all 40 value may be pre- pi ogi' ai umed and stored in the controller's 
rectifiers to allow the batteries to recharge at the maximum ROM 210. Power and operation indicators are provided, as 
possible rate. However, this practice predates the mtroduc- are the required operation and supply voltages. The system 
tion of the previously described sealed, valve-regulated shown in FIG. 3 is designed to control 20 rectifiers (not 
lead-add batteries, and risks damaging them. Because the shown), having outputs for channels (CH#) 1 to 20. SW1A, 
EMS microcontroller Ul can be programmed for a maxi- 45 SW1B, and SW1D are unused in the present embodiment, 
mum surplus current level for charging the battery bank (not but are available for possible expansion, 
shown in FIG. 2), mis level can be put into effect immedi- For convenience, we shah sonKtimes refer to the circuitry 
ately upon restoration of primary power, either by supplying associated with the measurement of the voltage across a 
backup power to Ul, which contains sa^tchpad RAM and shunt as a measurement channel, and the circuitry associated 
ROM mat may be used for storing a maximum surplus so with the control of a rectifier as a control channeL Usually, 
current level, or by storing the maximum surplus current the term "measurement channel 9 and "control channei n will 
level in an external nonvolatile memory means accessible to be shortened to "channel** for simplicity, as the type of 
the rnicrocontrollen The rrdcrocontroller could read this channel being discussed will be clear from the context 
value and act upon it immediately upon restoration of power. For purposes of illustration, FIG. 2 shows an embodiment 
3. Output Section 55 comprising channels 1-20, with the measurement channels 

The output circuit 228 is directly controlled by the micro- corresponding to inputs 301-320 and the output channels 
controller Ul in the control section 208 and can control up corresponding to relays 401-420, respectively. (FWPLT 
to 20 rectifiers 10 (not shown in FIG. 2). It will be under- input 321 and caHhrarion input 350 are special input 
stood that if the nnmber of rectifiers is other than 20, the channels, and alarm outputs 460 and 461 correspond to a 
circuit may be simplified or expanded accordingly. The 60 special output channeL These special channels are not in me 
control circuit 208 is isolated by use of opto-isolatoxs 450 to discussion below d*srrihin g the rotation of the primary 
transmit the control signals to the 20 individual rectifiers. channeL 
The output circuits comprise individually controlled relays 4. Start-Up Sequence 

401-420 which are normally open along with LED indica- . (1) &ep (9) of the calibration procedure begins the 
tors D1-D20 that signal whether the corresponding relay 65 start-up sequence, 

401-420 is open or closed. The output circuit 228 is (2) Preferably after imcnx»ntroller Ul performs an inter- 
designed to control all power rectifiers and provides make nal consistency check and a check of trie reinainder of the 
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EMS unit 238, all 20 opto-isolatars which drive the 20 relays 
associated with the 20 control channels are biased oft This 
insures (hat all relays 1 through 20 are released (non 
energized). Thus, all rectifiers are allowed to be on during 
the start-up sequence. 

(3) A 24-hour counter is initialized to zero. 

(4) A primary channel is selected, (The nwaning of . 
"primary channel" is discussed below.) For purposes of 
initialization, the primary channel selected in the start-up 
sequence is arbitrary, and may be set at channel 1, corre- 
sponding to the rectifier 10 controlled by relay 401. 

(5) "I\irn-on" and "turn-ofT counters are set to zero. 
After the program has exited the start-up sequence, the 

operation of rnicrocontroller 171 will best be understood by 
reference to the flow chart of FIG. 4(a)-{c). Starting at block 
101 on FIG. 4(a), microcontroller Ul increments the 
24-hour counter: This counter is then tested to determine 
whether 24 hours has passed in block 109. If not, execution 
continues at block 100 on FIG. 4(b). If so, the primary 
channel is rotated at block 106 before continuing at block 
100. 

The primary channel corresponds to the first rectifier 10 to 
be tamed on in the switching plant Tins may initially be set 
to the rectifier 10 controlled by relay 401 in FIG. 2. As 
additional power is needed, addftinnal rectifiers controlled 
by a fixed sequence of relays are turned on. Although other 
strategies for controlling the rectifiers may be used, in the 
preferred erribodiinent, as additional current is needed, addi- 
tional rectifiers 10 are turned on by sequentially activating 
relays 402-420. Conversely, current is reduced, when there 
is excess current available by sequentially deactivating 
relays, Le>, the last one activated is the first one deactivated. 
Because at least one rectifier 10 must be on to supply power 
at all times (except during a power outage, when stand-by 
power Is supplied by the batteries), the rectifier 10 controlled 
by relay 401 would be on all the time (duty cycle 100%), 
with rectifiers corresponding to higher numbered channels 
having progressively less usage. Irtis unequal power cycling 
is undesirable and could lead to premature failure of equip- 
ment 

To equalize usage of all available rectifiers, blocks 101, 
103, and 105 are present to ensure that the first rectifier to 
be turned on (Le^ the one that is always on) is cycled on a 
daily basis. Rectifiers 10 continue to be turned on 
sequentially, but the number of the relay corresponding to 
the first rectifier turned on is incremented dairy. When the 
highest-numbered relay is turned on (corresponding to the 
Mgfiest-numbered channel), the program provides additional 
current, when needed, by turning on the lowest-numbered 
channel next, followed by the second-lowest, etc The relays 
401-420 may thus be considered as being in a cyclical 
arrangement, with relay 401 corning after relay 420 for the. 
purpose of mis dairy cycling. When block 105 is executed, 
unless all rectifiers are already turned on, the rectifier 
cor r esp onding to the former primary channel is turned off 
and, simultaneously, the next rectifier (the one mat would 
have been the next to turn on in block 112) is turned on. 

It should be understood that the mcrementing of a counter 
is only one of many conventional ways of keeping time. Any 
conventional timing mechanism, such as the use of hardware 
timers, may be used with appropriate, well-known program- 
ming techniques substituting for those shown here. Also, it 
should be understood that the 24-hour period used for 
cycling is not critical. 

Continuing block 100 in FIG* 4(b% and referring, where 
necessary to FIGS. 2 and 3, Ul obtains voltage values from 
the data acquisition circuit 208. From these values, which 
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may be transferred to a scratch pad RAM 212 (possibly 
internal to rmcroconrroller Ul) for temporary storage, the 
actual current for each rectifier 10 may be obtained, either 
from a lookup table in ROM 210 (which also may be internal 

s to microcontroller Ul), by Ohm's law from values input 
during calibration, or any other suitable means at block 102. 
In addition, the load 16 current, as measured by shunt 99 or 
99*, is also measured in this step. The total current is then 
computed by surnming all current values from all active 

10 power rectifiers in block 104. 

Execution then continues at block 106 by determining 
whether the recharge factor entered during calibration is 
greater than 0. If so, block 107 is executed, and the current 
requirement is deemed to be 125% of the total rectifier 

is current calculated. Otherwise, block 108 is executed, and the 
total power requirement is deemed to be the load 16 current 
measured in block 102 multiplied by the sum of 100% plus 
the entered recharge factor. 
In either case, the total available rectifier current is 

20 compared to the total current requirement in block 110. If me 
total current requirement is met by the total available 
rectifier current, execution continues at block 113 (in FIG. 
4(c)). Otherwise, the "turn-on" counter is incremental and 
the "turn-off* counter is reset If the * 4 turn-on w counter is 

25 greater man 10, the next available rectifier is turned on in 
block 112 in accordance with the rotating sequence 
described above. Whether block 112 is executed or not, 
execution then resumes at block 10L 
The effect of the "turn-on" counter is that, if sufficient 

30 current is not found in block 110, the test is repeated 
ar^jrcorirnately once per second. If sufficient current is not 
present for 10 seconds, another rectifier is turned on. These 
times are not critical, however. Moreover, various other 
conventional timing techniques may be substituted for those 

35 shown in FIG. 4(a)-<c), possibly with approp riate modifi- 
cations in the program flow that would be readily apparent 
to one skilled in the art 

If there is enough current to meet present requirements in 
block 110, execution continues in FIG. 4(c) at block 113, 

40 where the "turn-on" counter is reset Next, in block 114, the 
total available current is compared to the current require- 
ment If there is no excess current available (or a negligible 
excess, compared to the desired battery recharge current), 
execution continues at block 101. Otherwise, the 'lurn-ofF 

45 counter is inaemental and compared with 60. IF it is not 
greater than 60, execution continues at block 101. 
Otherwise, of those rectifiers currently on, the one most 
recently turned on is turned off in block 116, and execution 
then resumes at block 101. It win be evident to those skilled 

50 in the art that the "turn-on" counter accomplishes a result 
similar to that of the 44 turn-off n counter except that it effects 
a 60- second timing period, and that other conventional 
timing techniques may also be used here to accomplish the 
same result Also, as was the case with the 10-second time 

55 period, the 60-second time period is also not critical. 

FIG. 5 shows a simplified schematic of the EMS circuit, 
showing primarily die components involved in controlling 
one rectifier and the controlled rectifier 10. A high-current 
shunt 32 between the rectifier 10 and the parallel combina- 

60 tion of the load 16 and the battery string or strings 18 is 
tapped by conductors 600, 601 and returned to input 303 (in 
the illustrated case) to indicate the current being drawn by 
the battery string lS-load 16 combination. Microcontroller 
Ul turns on each multiplexer U4, TJ5, U6, TJ7, U8, and U17, 

65 shown in FIG. 2, individually. The analog voltage from each 
multiplexer, such as U4, is then output over analog channel 
610 to the input of insoimieutatlon amplifier U18 where it is 
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then sent to the PEO input of miaocontroller Ul and there The thermal runaway control circuit 802 comprises a 

digitized. The sum of all of the currents so sensed is control unit 850 that receives a plurality of rectifier current 

computed by rnicrocontroUer Ul and compared with the input signals 854 and load current input signals 852. The 

power requirement of (he load 16. Microcontroller Ul control unit 850 is capable of measuring rime, and could 

makes this comparison at frequent intervals, shutting off or 5 comprise a microprocessor, a plurality of discrete logic 

turning on rectifiers such as 10, as necessary, to keep the elements or a plurality of analog control circuits, as would 

m a x i m um current supplied by the rectifiers within a selected ^ obvious to one stilled in die art The current inputs 854 

percentage tolerance of the amount repaired to supply receive ^ aaRSt m ^ saiing devices 832 con- 

amCDt t 5j he ^ 16 u?il a Jf 1C< ^ Cd batt ^ cha ]g?g nected to each rectifier 830 and the load inputs 852 receive 

current The selected battery charging current and the 1Q imjats from current measuring devices 842 connected to 

sde^pero^tege tolerance may^ch either be stored in ^ iHnstrative £nqfc of a cU meunr- 

ROM or entered via the external port 230. . . . Vj' ~~7V !^m A i.TT ~~ , 

Components U9, U10, and Ull axe latches. The outputs of ^ ^JT"^ ^!^! 

each latch appear at meirrespcxtrve(^Arc«^Q7 pins and 836 ta3a:n oS ^^^ a ^ ia ^ m ^ c ^ xhS[a connected to 

are under control of the rmcrocontroller Ul Any combina- 311 ammrftf Similarly, load current measuring 

tion of the Q outputs may be active. Each Q output is 15 devices 842 could comprise shunts 846 and ammeters 844. 

associated with one of the 20 opto-isolators. When a Q As would be obvious to one skilled in the art, many 

output is active, its tteenrinteri opto-isolator is biased on. equivalents to the current measuring devices disclosed, such 

When the opto-isolator is biased on, it in turn will cause its as clamp-on ammeters, could be satisfactorily employed in 

associated relay (EMS output channels 1 through 20) to the present invention. 

become energized. Ground will be closed to the TR lead 20 The control unit 850 is capable of generating the follow- 
through make contacts of the energized relay which will ing signals: a control signal 872 to the LVD controller 864, 
cause the associated rectifier to shut down. a data signal 876 to a video terminal 882, and an alarmsignal 

To control the rectifiers 10, a positive voltage is supplied 874 to an alarm 884. 
toTK(K3) via a voltage supply, which may be a voltage step To prevent thermal runaway, the control unit 850 per- 
down circuit 620, as shown. The miaocontroller Ul outputs 25 forms a series operational steps 900 shown in FIG. 7. The 
a signal on data lines 630 (only some of which are shown in series of operational steps 900 could comprise a computer 
FIG. 5) corresponding to a selected one of the rectifiers, the program (a representative example of such code, designed to 
signal indicating whether the rectifier 10 is to be turned on run on a 68HC11 microprocessor is disclosed in the appell- 
or off. Latch U9 (and, in FIG. 2, U10 and Ull) is controlled dix following the specification), or a method embodied in 
by inicrocontroller Ul, which supplies an input via channel 30 logical steps, electroHnechanical steps, manual steps, or any 
630. Hie output of the latch U9 (and any others) is sent to combination thereof. 

the opto-isolatoxs 450 through bus 640, each opto-isolator As shown in FIG. 7, the steps 900 comprise receiving 904 

450 receiving its input via one bit on bus 640, corresponding values of the individual rectifier currents and load currents, 

to one bit of one of the latches (in FIG. 5, latch U9). In this The rectifier currents are summed 906 and the load currents 

embodiment, when a latch output is active, the associated, 35 are summed 908. The total load current is subtracted from 

opto-isolator is biased on, which causes the associated relay, the total rectifier current 910. The resulting float, or excess, 

such as relay 403 in FIG. 5, to be energized. The TR lead in current of the subtracting step 910 is then compared 912 to 

MCS34 will thus be closed, causing rectifier 10 to shut a preselected value corresponding to the mintmnm float 

down. Microcontroller Ul can also cause rectifier 10 to turn current indicative of thermal runaway. A test 914 determines 

on by causing latch U9 to cause the latch output to be 40 if the float current is greater than or equal to the threshold 

inactive. and if the float current remains greater than or equal to the 

It is preferable, if normally-open relays are used as in the threshold for a predetermined period IF the float current is 

preferred embodiment, to have the opto-isolatoxs 450 and below the threshold, the system is in a "no thermal runaway" 

relays 401-420 configured to turn on whenever the corre- state 916 and control returns to me receiving step 904. If, on 

spending bit on bus 640 is low (ie^ near zero volts) to allow 45 the other hand, the float current is greater than or equal to the 

all rectifiers 10 to be turned on in the event of a power threshold and remains greater man the threshold for a 

shutdown of EMS unit 238 itself. Although such a configu- rnedeterrnined period, then thermal runaway exists. In mis 

ration risks thermal runaway of the strings of batteries, this situation, a test 918 is performed to dflfrrminf; if the system 

(relatively) small risk is generally preferable to shutting off is in automatic mode (although it win be readily understood 

all rectifiers and causing the batteries to be drained, which so that some systems may be constructed that are always in 

would eventually result in loss of power to the central office either an automatic mode or a manual mode). If the system 

and no available battery backup. is not in automatic mode, the system will generate a signal 

5. Thermal Runaway Control 920 to sound a thermal runaway alarm and then print a 

FIG. 6 is a simplified schematic of a battery recharge thermal runaway message 924 on a video terminal If the 

system 800 employing a circuit 802 used to control thermal 55 system is in automatic mode, it will generate a signal 922 to 

runaway. The system 800 comprises a conventional battery open the low voltage disconnect switch, at this point it may 

recharge unit 804 having a plurality of batteries 810 and a also sound an alarm, and then it will print a thermal runaway 

plurality of telephone switching loads 840 (two rcprescnta- message 924 on the video terminal. Once the thermal 

tive loads being shown here) connected in parallel. Power is runaway message is printed 924, the system returns to the 

supplied to the batteries 810 and the loads 840 from an AC 60 receive step 904. 

power source 820 that supplies AC current to a plurality of It will thus be seen that an energy management system has 

rectifiers 830 (one representative rectifier being shown been provided mat can simply and reliably control the power 

here). Power from the rectifiers 830 can be interrupted with supply of a tdeconimiinications plant with battery backup, 

a low voltage disconnect (LVD) system 860. The LVD without risking thermal runaway through excessive battery 

system 860 comprises an LVD switch 862, an LVD control 65 charge. It will be readily apfffeciated by those skilled in the 

unit 864 and an LVD switch opening device 866 controlled art mat emfx>diments shown and described here are by way 

by the LVD control unit 864. of example only. Numerous modifications will suggest 
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themselves to such artisans and, thus, the invention is to be 
limited only by the claims immediately following. 



APPENDIX 

THIS ROUTJNB CHKtlKS THE AMOUNT OF CURRENT FLOWING INTO 
THB BATTERIES AFTER A PRESET AMOUNT OF TTMK. IP THE 
CURRENT EXCEEDS A PREPROGRAMMED AMOUNT, THE ALARM 
RELAY IS RELEASED. 



BAIT L 


INC QBOH 


■JSC 60 SECOND TTMBR REGISTER 




LDAA GBQH 






CMPA03CH 


£K IF 60 SECONDS PASSED 




BHSA161 






RTS 




A161: 


CLR.GEGH 






LDX 0B65SH 


jCK IF USER PROGRAMMED A VALUE 




BEQ A162 






LDXQDEH 


;CK TP COUNTER CMPS WITH STORED TIME 




CPX0B656H 


_ . . . . 




BHSA163 






INX 


■JP LOWER, INC TTMBR REGISTER 




STXUUEU 
JMPA162 




A163: 


CLRQE1H 


;CLR TEMP STORAGE LOCATIONS 




no GE2H 






LDX #42H 


;ADD UP TOTAL AMPS BEING USED NOW 




LDY 






#QB628H 




A165: 


LDAA0,Y 


1ST, CK IF CH ACTIVE 




ORAA LY 






EEQA164 






LDAB (yC 


3GET SHUNTS MULUPIY FACTOR 




LDAAttOH 






JSR 


-.MULTIPLY A/D VALUE WITH SHUNT FACTOR 




MULTIPLY 


;STORE RESULTS m ACCUMULATOR 




ADDDCB1H 






STDCB1H 


•JP EXCEEDS 65556, THEN SYSTEM FAILURE 




BGCA164 


;***SYSD*** 




LDAA #3 






JMPSYSF 




A164: 


. INY 






INT 






INX 






CPS#55H 


jCK IP FINISH ADDING ALL CHANNELS 




HLS A165 






LDD CE1H 


;CALC BATT CURRENT BY SUBTRACTING. 




SUBD 58H 


;POWER PLANTS CURRENT DRAW 




BCCA166 






LDDKXH 




A166: 


CPDQB658H 


COMPARE BATT CURRENT WITH STORE 




ELSA162 


VALUE 




LDX 


;EP LOWER THEN EXIT ROUTINE 




8OFF20H 


;ELSB TRANSMIT ERROR MESSAGE 




JSR TRANS 






LDX 






■ #GFF8CH 
JSR TRANS 


;SET ALARM BIT TO RELEASE ALARM RELAY 




BSET 


;SBT TIMER TO CHECK CURRENT EVERY 




OPl/JOH 


SECOND 




LDAA#32H 






STAAGEQH 


•EXIT 




RTS 




A162: 


BCLR 


;BXXr 




OP1/4QH 


;CLEAR CURRENT TOO HIGH* BIT 



55 

What is claimed is: 

1. An apparatus for controlling thermal runaway in a 
telecommunications switching station backup battery 
recharging system receiving current from a power supply ^ 
and delivering current through a rectifier to a battery and a 
load, the system having a low voltage disconnect-switeh 
capable of interrupting current to the battery, the apparatus 
nrmnprising: 

a. means for generating a first signal having a first value 65 
representative of the current flowing through the rec- 
tifier; 



b. means fox generating a second signal having a second 
value representative of the current flowing through the 
load; 

c means for calculating a third value, the third vahie 
being equal to the second value subtracted from the first 
value; and 

d. means far generating a third signal indicative of ther- 
mal runaway when the third value exceeds a predeter- 
mined value tor a predetermined period. 
2. The apparatus of claim 1, further comprising means for 
interrupting current to the battery when said third signal 
exceeds the predeterrnined value. 
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3. The apparatus ocf claim 1, further ra m p risin g means fcs 
determining when said third signal exceeds said predeter- 
mined value for the predetermined period. 

4. The apparatus of daim 1, further comprising means fa- 
generating an alarm upon generation of said third signal. 

5. Hie apparatus of rftrini 1^ further ^"uprisin g mpans for 
displaying a thermal runaway warning message upon gen- 
eration of said third signal* 

6. The apparatus of claim 1, wherein said first signal 
generating means comprises a shunt-type current measuring 
circuit mat measures the current flowing through the recti- 
fier. 

7. The apparatus of claim 1, wherein said second signal 
generating means comprises a shunt-type current measuring 
circuit that measures the current flowing through the load. 

8. The apparatus of claim L, wherein said calculating 
means comprises a microprocessor: 

9. Hie apparatus of claim 1, wherein said calculating 
mr 3 ^^ comprises a comparator circuit that generates a 
difference signal representative of the difference between the 
first signal and the second signal. 

10. The appara t u s of claim 1* wherein said calculating 
means comprises a plurality of discrete logic elements that 
logically subtract the second value from the first value. 

IX A method for controlling thermal runaway in a tele- 
communications switching station backup battery recharg- 
ing system receiving current from a power supply and 
delivering current through a rectifier to at a battery and a 
load, the system having a low voltage disconnect switch 
capable of mterrupdng current to the battery, the method 30 
comprising the steps of: 

a. generating a first signal having a first value represen- 
tative of the current flowing through the rectifier, 

b. generating a second signal having a second value 
representative of the current flowing through the load; 

c. calculating a third value, the third value being equal to 
the second value subtracted from the first value; and 

d. generating a third signal indicative of thermal runaway 
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circuit that causes the low voltage disconnect switch to open 
and interrupt current flow to the battery. 

14. The method of claim 12, wherein said interrupting 
step comprises the step of manually causing the low voltage 
disconnect to interrupt current flow to the battery. 

15. The method of claim 11, further comprising the step 
of generating an alarm upon generation of said third signal 

16. Hie method of claim 11. further comprising the step 
of displaying a thermal runaway warning message upon 
generation of said third signal. 

17. A series of operational steps to be performed on a 
computer used to control an apparatus for controlling ther- 
mal runaway in a tdecommunications switching station 
backup battery recharging system receiving current from a 
power supply and delivering current through a rectifier to at 
a battery and a load, the system having a low voltage 
disconnect switch capable of interrupting current to the 
battery, comprising the operational steps of: 

a. receiving a first signal having a first value representa- 
tive of the current flowing through the rectifier, 

b. receiving a second signal having a second value rep- 
resentative of the current flowing through the load; 

c subtracting said second value from said first value, 
thereby creating a difference value; 

d. coinparing the difference value to a preselected fourth 
value, said fourth preselected value indicating a mini- 
mum difference value corresponding to a thermal run- 
away condition; and 

e. generating a signal that indicates thermal runaway 
when the difference signal is at least equal to the fourth 
value for a predetermined period. 

18. The series of operational steps of claim 17, further 
comprising the step of generating a signal causing the low 
voltage disconnect to open, thereby mterrupring current flow 
to the battery when the difference value indicates the exist- 
ence of a thermal runaway condition. 

19. The series of operational steps of claim 17, further 
comprising the step of generating an alarm signal when the 
difference value indicates the existence of a thermal run- 



when the third value exceeds a predetermined value far away condition. 



a predetermined period. 

12. The method of claim 11, former comprising the step 
of interrupting current to the battery when said third signal 
exceeds the predetermined value. 

13^ The method of claim 12, wherein said mterrupring 
step comprises the step of applying said third signal to a 



20. The series of operational steps of claim 17, further 
comprising the step displaying a thermal runaway warning 
message on a terminal when the difference value indicates 
the existence of a thermal runaway condition. 
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